Mitochondrial ceramide increases in UV-irradiated HeLa cells and is mainly derived from hydrolysis of sphingomyelin.
Sphingolipids are important signaling molecules in many biologic processes, but little is known about their organelle-specific roles. Using HeLa cells, we investigated the effects of UV and etoposide-induced apoptosis on the contents of sphingomyelin (SM) and ceramide in subcellular compartments. UV irradiation of HeLa cells increased the levels of SM in all subcellular fractions, but the change was most dramatic in mitochondria. Using diacylglycerol kinase assays to quantify ceramide, we found that the levels of ceramide in mitochondria increased as early as 2 h after UV irradiation and remained elevated at 6 h. The increase in mitochondrial SM and ceramide was inhibited by D609, an inhibitor of sphingomyelinase and SM synthase. The inhibition of sphingolipid production correlated with protection of the mitochondrial transmembrane potential and prevention of cytochrome c release following UV irradiation. In contrast, myriocin, an inhibitor of the de novo ceramide synthesis pathway, only partially suppressed the production of ceramides in mitochondria and cannot suppress UV-induced apoptosis. Fumonicin B1, an inhibitor of ceramide synthase, can only prevent mitochondrial ceramide synthesis and UV-induced apoptosis in a small degree. These results indicate that mitochondrial ceramide production in UV-irradiated HeLa cells is not mediated by the de novo synthesis pathway, but mainly through SM hydrolysis.